BACKGROUND/OBJECTIVES: Shorter leukocyte telomere length (LTL) is associated with several chronic diseases, but only a few studies have assessed the association between dietary factors and LTL. Our objective was to study the association between fats, fruits, vegetables and LTL in a cross-sectional study design. We hypothesized that intakes of fruits and vegetables would be positively associated with LTL and that intakes of fats, and especially saturated fatty acids (SFAs), would be negatively associated with LTL. SUBJECTS/METHODS: LTL was measured by quantitative real-time polymerase chain reaction in 1942 men and women aged 57-70 years from the Helsinki Birth Cohort Study. We assessed the whole diet by a validated semiquantitative 128-item food-frequency questionnaire. RESULTS: In general, there were only a few significant results. However, total fat and SFA intake (P ¼ 0.04 and 0.01, respectively) were inversely associated with LTL in men adjusting for age and energy intake. In women, vegetable intake was positively associated with LTL (P ¼ 0.05). Men consuming the most butter and least fruits had significantly shorter telomeres than those consuming the lowest amounts of butter and highest amounts of fruits (P ¼ 0.05). We found no association between LTL and body mass index, waist-hip ratio, smoking, physical activity or educational attainment. CONCLUSIONS: In this cross-sectional study of elderly men and women, there were only a few statistically significant effects of diet, but in general they support the hypothesis that fat and vegetable intakes were associated with LTL.
INTRODUCTION
Telomeres are tandem TTAGGG repeats of DNA located at the ends of eukaryotic chromosomes and they function as promoters of chromosome stability. During each replication some DNA sequences are lost and this telomere shortening may eventually result in cellular senescence and apoptosis. 1, 2 Consequently, leukocyte telomere length (LTL) has been proposed to act as a marker for biological aging 3 and as a prognostic marker of chronic disease risk, progression and premature mortality. 4, 5 Accelerated telomere shortening is associated with aging and aging-related diseases, such as hypertension, coronary heart disease and heart failure. [5] [6] [7] Shorter LTL has also been associated with higher body mass index (BMI), 7, 8 insulin resistance and type 2 diabetes, 9,10 as well as with some forms of cancer. 11, 12 Genetic, epigenetic and environmental factors influence LTL. 13 Recent genome-wide association studies have shown that genetic variation within the gene encoding for the telomerase RNA component (TERC) affects LTL in humans, 14, 15 and several other genes have been identified, but all of the findings are not replicated in independent samples yet. Accelerated telomere shortening has also been associated with environmental and lifestyle factors, including smoking, 16 physical inactivity, 17 psychological stress 18 and low socio-economic status. 19 Oxidative stress has been found to be associated with telomere attrition. 2 A diet rich in dietary components that have antioxidative qualities may decrease the pace of telomere attrition and biological aging. 20 Therefore, a high intake of foods, like vegetables and fruits, may influence the aging process favorably. 20 On the other hand, diets containing high amounts of saturated fatty acids (SFA) may function prooxidatively and accelerate telomere attrition compared with the Mediterranean diet rich in monounsaturated fatty acids (MUFA). 21 However, only a limited number of studies have explored the association between dietary factors and telomere length, and the results have been conflicting. 5, 11, [22] [23] [24] [25] The aim of this study was to explore the association of fats, fruits and vegetables with LTL. We hypothesized that intakes of fruits and vegetables would be positively associated with LTL and that intakes of fats, and especially SFA, would be negatively associated with LTL. We also studied whether the degree of obesity would influence the results.
SUBJECTS AND METHODS Participants
The subjects of the study were part of the Helsinki Birth Cohort Study, originally including 4630 men and 4130 women. 26 The subjects were born between 1934 and 1944 in the Helsinki University Central Hospital and attended child welfare clinics in the city. In the year 2000, those who were still alive and residing in Finland were sent questionnaires resulting in data from 4515 subjects. To obtain a sample size of 2000 or more, 2902 subjects were invited to a clinical study using random-number tables. The subjects arrived at the study clinic after an overnight fast. Height was measured to the nearest 0.1 cm and weight (in kg) to the nearest 0.1 kg. BMI was calculated by dividing the weight (in kg) by the square of height (in m). Waist circumference was measured midway between the iliac crest and the lowest rib and recorded to the nearest 0.5 cm. Hip circumference was measured at the maximum level and recorded similarly. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Ethics Committee of the Hospital District of Helsinki and Uusimaa. All subjects provided written and informed consent.
Measurement of telomere length
Relative telomere length from peripheral blood DNA was determined by a quantitative real-time polymerase chain reaction-based method previously described by Cawthon et al. 27 and Kananen et al., 28 with modifications described in detail by Hovatta et al. 29 Briefly, polymerase chain reaction reactions were performed separately for telomere reaction and a single copy reference gene, b-hemoglobin, reaction in paired 384-well plates. A synthetic oligomer dilution series, hgb-120-mer and tel14x (0.0002, 0.002, 0.02, 0.2, 1.0, 3.0 and 6.0 pg), were included on every plate to create reaction-specific standard curves. Plasmid DNA (pcDNA3.1) was added to each standard to maintain a constant 10 ng of total DNA concentration per reaction. Standard curves were used to perform absolute quantification of each individual sample reaction performed in triplicate with 10 ng of template DNA. The plate effect was taken into account by normalizing the telomere signal and the reference gene signal to the corresponding average of four control samples analyzed on every quantitative polymerase chain reaction plate before taking the T/S ratio (a measure of relative telomere length).
Dietary assessment
The diet was assessed by using a validated, self-administered semiquantitative 128-item food-frequency questionnaire containing 12 different food groups. 30, 31 The food-frequency questionnaire was designed to measure the ordinary diet over the previous 12 months. There were nine possible frequency categories ranging from never or seldom to X6 times per day. The subjects completed the food-frequency questionnaire at the clinic and it was then checked by a study nurse. The food intake data were entered and processed at the National Institute of Health and Welfare using the National Food Consumption Database FINELI (National Institute for Health and Welfare, Helsinki, Finland). 32 Subjects were excluded if they had left X10 rows of food items unanswered (n ¼ 2) or if their calculated energy intake was o650 or 46100 kcal per day, which corresponded to 0.5% at each end of the self-reported energy intake scale (n ¼ 20, leaving in total n ¼ 1942).
Statistical analysis
To examine the association between LTL and age, we calculated Spearman's correlation coefficients. We performed linear regression analysis to explore the association between LTL and nutrient and food intakes. Models were performed separately for men and women and adjusted for age and energy intake (Model 1), for age, energy intake, BMI and waist-hip ratio (Model 2) and for age, energy intake, smoking status (current smoker vs non-smoker), education (o12 years vs 412 years of education) and exercise (no exercise vs exercise three times per week) (Model 3). Furthermore, we evaluated mean LTLs in tertile groups according to intakes of butter and fruits and berries to assess the LTL differences of subjects in these groups, for example, subjects with high intake of butter and low intake of fruits vs subjects with low intake of butter and high intake of fruits. We tested for associations between foods and nutrients and LTL in BMI classes (o25 vs X25 kg/m 2 ). Statistical tests were considered significant if Po0.05. All analyses were performed using R software (version 2.13.1; R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
The mean age of the 1942 study subjects was 61.5 years for both men and women (Table 1) . In all, 25% of men and 20% of women were current smokers. In men, 74% and in women 62% had secondary education or higher (X12 years of education). Age was inversely associated with LTL (r ¼ À 0.10, P ¼ 0.00001). No associations between LTL and BMI or between LTL and abdominal obesity (measured by waist-hip ratio) were observed in either sex (data not shown).
After adjusting for age and energy intake, a high total fat intake is associated with shorter LTL in men (P ¼ 0.04), but not in women ( Table 2 ). The intake of SFA associated inversely with LTL in men (P ¼ 0.01). No association appeared between MUFA or polyunsaturated fatty acids (PUFA) intake and LTL in either sex. In men, butter intake was inversely associated (P ¼ 0.04) with LTL. The intake of vegetables was positively associated with LTL in women (P ¼ 0.05). In men, the intake of fruits (including berries and fruit juices) was positively associated with LTL, but did not reach statistical significance (P ¼ 0.06). No other associations between foods and nutrients on LTL were found. Adding the anthropometric measures and lifestyle factors related to LTL (Models 2 and 3), Potatoes not included.
Telomere
Simultaneously we tested for the differences in LTLs between tertile groups of butter and fruit intakes (Table 3) . Men belonging to the group with the highest intake of butter and lowest intake of fruits have shorter telomeres (P ¼ 0.05) than men in the group with the lowest intake of butter and highest intake of fruit. In women, however, a similar trend was not detectable.
Testing for interactions, we found a positive association between margarine intake and LTL in overweight and obese (X25 kg/m 2 ) men (P ¼ 0.03). In normal weight (o25 kg/m 2 ) men, a similar association was not found. Also, a higher vegetable intake in overweight or obese women corresponded to longer LTL (P ¼ 0.004), but no such association was found for normal weight women.
DISCUSSION
In this cross-sectional study of elderly Finnish men and women, we observed that LTL was inversely associated with total fat, SFA and butter intake in men. In women, vegetable intake was positively associated with LTL. These were the only statistically significant results, but in general they support the hypothesis that fat and vegetable intakes were associated with LTL.
Oxidative stress plays an important role in the pathophysiology of many chronic diseases and is also associated with accelerated telomere attrition. 9, 33, 34 Inflammatory markers, such as C-reactive protein (CRP) and interleukin-6, are independent predictors of insulin resistance, coronary artery disease and metabolic syndrome, 35, 36 and have also been inversely associated with LTL in subjects aged 65 years or over. 6 Dietary patterns including fruits, vegetables, whole grains, fish and different types of fatty acids, are inversely associated with different inflammatory markers. [37] [38] [39] In an intervention study, consuming a diet rich in SFA increased the concentrations of C-reactive protein, interleukin-6 and fibrinogen. 40 It has also been shown in a crosssectional design that a diet rich in omega-3 fatty acids is associated with lower amounts of pro-inflammatory markers and with higher amounts of anti-inflammatory markers. 41 Telomerase is a reverse transcriptase enzyme adding DNA sequences to the ends of telomeres and thus preserving them. A pilot study assessing the effects of a comprehensive lifestyle intervention found a low-fat, plant-based diet rich in fruits and vegetables and unrefined grains combined with moderate exercise and stress management to increase telomerase activity in men aged 49-80 years. 42 Inflammation and oxidative stress have been proposed to provide a possible explanation to the observed association between fat intake and the shortening of LTL. [43] [44] [45] Our findings that total fat intake and SFA intake, as well as butter intake are all inversely associated with LTL in men are in line with each other, as butter is rich in SFA. A large cross-sectional study, with subjects comprising of the controls of the Nurses' Health Study, found a high PUFA intake, and especially a high intake of linoleic acid, to be inversely associated with LTL. 23 The same study, however, found no association between n-3 fatty acids, total fatty acids, SFA or MUFA and LTL. We did not detect any associations between LTL and PUFA nor with marine-3 fatty acid intake. However, in our study, total fat intake was 36% higher and SFA intake was 47% higher in women compared with the women in the Nurses' Health Study, 23 which may well explain the differing findings. The fact that the association was detected only in men could be explained by gender differences in food intake and differing intake ranges. Finnish men consume more fat as a percentage of total energy intake than women. The results for women were similar, but did not reach statistical significance. Had the fat intake in women been higher, the result for women might have also become significant.
Another American cross-sectional study (n ¼ 840), assessing the associations of food groups and two different dietary patterns (fats and processed meat, whole grains and fruit) and LTL, found an inverse association between the pattern of fats and processed meat and LTL. 22 As processed meats, on average, contain much fat, SFA and MUFA, and especially a high intake of SFA, may accelerate aging, 21 our results are in line with these previous findings. Chan et al. 24 noticed an inverse association between LTL and the intake of fats and oils in elderly Chinese women. The oils used were reported to be mainly maize and peanut oils, which are rich in MUFA and PUFA. We also detected an inverse association between MUFA and LTL in men, even though it did not reach statistical significance. In comparison, the most common fats used in Finland are margarine, butter and vegetable oils, and therefore SFA and MUFA intake is pronounced. However, as Chan et al. 24 stated, it is uncertain whether the association between the intake of fats and oils and LTL in their study was the result of fat intake as such or the result of substances produced during stir-frying, as this was mentioned as a usual method of food preparation when using oil. The association between the quality of fat and LTL thus remains confusing. We found vegetable intake to be positively associated with LTL, but only in women. Our results are in line with the recent finding of Marcon et al. 25 that a high intake of vegetables is positively associated with LTL. Antioxidants, found in abundance in vegetables and fruits, seem to protect telomeres from attrition. 46 There are, however, several studies with differing findings. In a case-control setting, stomach cancer cases and their healthy controls both showed shorter LTL with decreasing fruit intake, but this was not true for vegetable intake. 11 The study was conducted in Poland, the majority of the subjects being 62 years or older. An association between fruit and vegetable intake and LTL was found neither in a large cross-sectional study assessing fruit and vegetable intakes combined 23 nor in studies assessing fruit and vegetable intakes separately. 22, 24 A large Belgian crosssectional study also found no association between LTL and fruit and vegetable intake (combined), but when a low fruit and vegetable intake was assessed as part of an unhealthy lifestyle score, a positive association was found. 5 The gender difference in the result might be explained by vegetable intake being much higher in Finnish women than in men.
The result that in overweight and obese men margarine intake was associated with longer telomeres might be explained by other factors influencing LTL. Overweight and obese women having high intakes of vegetables exhibited longer telomeres. This shows that the effect of high vegetable intake on LTL remains regardless of weight. Literature on the association of adiposity and LTL is based on cross-sectional studies and the findings are conflicting as some of the studies, including ours, found no association between BMI or other measures of adiposity and LTL, 4,5,22,47-49 whereas some have reported significant inverse associations. 7, 8, 16, 19, 50 A recent cross-sectional study assessing total body and abdominal obesity in subjects aged 8-80 years noticed that the negative association between BMI and LTL is stronger among young subjects compared with the old. 7 Previous studies noticed LTL to be positively associated with physical activity 17 and socioeconomic status 19 and negatively associated with smoking. 16 However, we did not confirm these results in our study, adjusting for physical activity, education and smoking. Compared with other studies on diet and LTL, our sample was one of the largest and the subjects fully represented the general population. The food-frequency questionnaire we used has been validated previously 30, 31 and has been used in several studies. There is a possibility for measurement error as the subjects selfreported their dietary intakes. As usual, subjects tend to overestimate intakes of foods considered as healthy and underreport intakes of foods considered as unhealthy. This is especially true for women who tend to overestimate their fruit and vegetable intake 30 and for obese subjects who often underreport intakes of energy-dense foods. The cross-sectional study design makes it possible to study associations, but not causality. Diet and LTL were both evaluated from a single measurement. A repeat measure of LTL with quantitative polymerase chain reaction of the same subjects after several years would give more accurate data. Running several statistical tests, one can always anticipate some of them to turn out significant. Therefore, the results should be treated with caution. The clinical relevance of the difference in relative LTL is not known. The age (56-70 years at the time of LTL measurement) of the subjects could influence the results, even though the data were adjusted for age. As we only studied Caucasians, the data may not be generalizable to other ethnicities. More studies are needed to replicate the results.
In conclusion, in this cross-sectional study of elderly men and women, there were only a few statistically significant effects of diet, but in general they support the hypothesis that fat and vegetable intakes were associated with LTL.
